Background: Colorectal cancer (CRC) diagnosed before age 50 years, or young-onset CRC, is increasing globally with undefined etiology. A sedentary lifestyle is an emerging risk factor for CRC after age 50 years, but its role in young-onset CRC is unknown. Methods: We prospectively evaluated sedentary behaviors, primarily time watching television (TV), and risk of young-onset CRC among 89 278 women in the Nurses' Health Study II ages 25-42 years at recruitment . We used Cox proportional hazards modelling to estimate relative risks (RR) and 95% confidence intervals (CIs). Statistical tests were two-sided. Results: We documented 118 young-onset CRCs over 1 262 540 person-years. Sedentary TV viewing time was statistically significantly associated with increased risk of young-onset CRC, after adjusting for putative risk factors, including obesity and physical activity. Compared 7 hours, women with 7.1-14 hours per week of TV time had a multivariable relative risk (RR) of 1.12 (95% confidence interval [CI] ¼ 0.72 to 1.75), further increased for greater than14 hours per week (RR ¼ 1.69, 95% CI ¼ 1.07 to 2.67, P trend ¼ .03). This association was observed among participants without a CRC family history and was more pronounced for rectal cancer (RR for >14 vs <7 hours per week 2.44, 95% CI ¼ 1.03 to 5.78, P trend ¼ .04). Overweight or obese participants may be more susceptible. Conclusion: Independent of exercise and obesity, prolonged sedentary TV viewing time, a surrogate for a more inactive lifestyle, was associated with increased risk of young-onset CRC, particularly of the rectum. These findings provide further evidence on the importance of maintaining an active lifestyle.
comprising half of all waking hours (11, 13, 14) . Independent of other appraisals of energy expenditure, including vigorous physical activity, sedentary behavior has recently been linked to several chronic health outcomes, including obesity (15) , diabetes (15, 16) , cardiovascular disease (17, 18) , CRC (13, 19) and its most common precursor, colonic adenomas (19, 20) .
While a sedentary lifestyle is one of the leading suspected culprits contributing to this increase (21) , the association between sedentary behaviors and young-onset CRC remains to be elucidated. Thus, we investigated the association between several sedentary behaviors and risk of young-onset CRC among women enrolled in a large, prospective US cohort with information on lifestyle and other putative CRC risk factors.
Methods

Study Population
Nurses' Health Study II (NHS II) is a prospective cohort study of 116 430 female nurses ages 25-42 years at enrollment in 1989. Participants are followed with detailed biennial questionnaires on lifestyle factors, medical diagnoses, medication use, and other exposures of interest including regular and validated selfassessments of anthropometrics, such as body mass index (BMI), physical activity, and quadrennial semiquantitative food frequency questionnaires (FFQ). Cumulative follow-up exceeds 90% of available person-time (22) . This study was approved by the human research committees at the Brigham and Women's Hospital. Informed consent was implied through voluntary return of study questionnaires.
Study baseline was defined as the first year NHS II (1991) collected information on sedentary behaviors, including television (TV) watching. At baseline, we excluded participants with CRC or with missing information on sedentary behaviors. We also excluded women reporting implausible energy intake (< 500 or > 3500 kcal/day) or a prior diagnosis of cancer apart from non-melanoma skin cancer at baseline. Participants who developed inflammatory bowel disease prior to baseline or during follow-up were also excluded. In total, 89 278 women comprised our final study population.
Assessment of Colorectal Cancer
The primary endpoint was incident CRC diagnosed prior to age 50 years. Upon report of CRC on biennial questionnaires, we requested permission to review relevant medical records. Additional cases of lethal CRC were identified through reporting from family, postal authorities, or through the National Death Index. Physicians blinded to self-reported risk factor status reviewed retrieved records to ascertain information on anatomic site, histology, and stage at presentation.
Assessment of Sedentary Behaviors
In NHS II, information on sedentary behaviors was first collected in 1991 and updated in 1997, 2001, 2005, and 2009 in nine categories ranging from 0 to more than 90 hours per week. Our primary exposure was sedentary TV viewing time (ie, watching TV broadcasts or other forms of media associated with TV screen use like video tapes and DVDs). This exposure was selected a priori based on prior investigations demonstrating that among sedentary behaviors, TV viewing time was the strongest predictor of adverse health outcomes (15) . We also examined other time spent sitting at home (eg, reading, during meals, time spent at a desk) and collective hours spent sitting at work, while driving, or otherwise out of the home.
We discretized our exposures of interests at 7 and 14 hours in order to improve interpretability of risk estimates (ie, 1 or 2 hours of TV screen time per day), while utilizing a multiple of the 30-minute TV broadcast. This facilitates more actionable real-world recommendations and is consistent with prior studies by our group and others (19, 20, 23, 24) .
To limit reverse causation related to behavior change from undiagnosed CRC, we measured sedentary habits at least one biennial cycle prior to assessment of CRC case and noncase status. We also examined light-intensity activities (standing or walking around at home, standing or walking around at work). 
Assessment of Covariates
Height and weight were reported at baseline, and weight was updated biennially. BMI was calculated as weight/height 2 (kg/m 2 ). Physical activity was self-reported with validated questionnaires every 2-4 years (25) . We assessed total caloric intake, red meat, fiber, calcium, folate, and alcohol consumption using 133-item FFQs every 4 years since 1991 (26) . Diet quality was assessed using the Alternative Healthy Eating Index 2010 for which a higher score has been associated with reduced risk of chronic diseases (27, 28) . Participants reported the number of cigarettes smoked daily and the age they started and stopped (29) . Cumulative exposure to smoking in pack-years was derived by multiplying daily packs by years during which that quantity was smoked.
We also assessed and updated family history of CRC among first-degree relatives; regular use of aspirin, nonsteroidal antiinflammatory drugs (NSAIDs), or multivitamins; diabetes mellitus; menopausal status; and the use of menopausal hormone therapy (30) (31) (32) (33) . Every two years, we asked participants to report receipt of lower gastrointestinal endoscopies. The indication for endoscopy, including symptoms (eg, bleeding or abdominal pain), family history of CRC, or asymptomatic screening, was also collected.
Statistical Analysis
Follow-up began upon return of the 1991 questionnaire. Persontime accrued until CRC diagnosis, death from any cause, 50th birthdate, or the end of follow-up, whichever occurred first. We employed Cox proportional hazards modelling to estimate ageadjusted and multivariable-adjusted relative risks (RRs) and 95% confidence intervals (95% CIs). We used Schoenfield residual testing to confirm no violations of the proportional hazards assumption.
To represent long-term habits and reduce random withinperson variation, exposures of interest were updated at each follow-up cycle using the cumulative average method, calculated using the midpoint of each frequency category as a continuous variable and averages across all assessments prior to the current questionnaire. Covariates were chosen a priori based on putative CRC risk factors on a time-varying basis, including height (continuous, meters); BMI (continuous); family history of CRC, diabetes, lower endoscopy due to screening or other indications within 10 years (each yes/no); smoking (continuous pack-years); physical activity (metabolic equivalent task hours per week [METs-hours/week], continuous); regular use of aspirin, NSAIDs, multivitamins (each yes/no); menopausal status (pre-or postmenopausal), menopausal hormone use (premenopausal, never, and current use of menopausal hormones); and diet (total calories, red meat, fiber, folate, calcium, and alcohol consumed, Alternate Healthy Eating Index 2010, all continuous). Cumulative average was used when appropriate to represent long-term behaviors.
We also performed subgroup and sensitivity analyses to support our findings. We further limited our analysis to subjects without a family history of CRC or a personal history of recent lower endoscopy to ensure findings were not restricted to those with a suspected genetic predisposition for CRC. We evaluated the association between sedentary behaviors and conventional CRC. Finally, we examined the association between TV viewing time and young-onset CRC according to strata defined by measures of an unhealthy lifestyle, including BMI (<25 vs 25 kg/m 2 ), physical activity (<15 vs 15 METs-hours/week [median]), and smoking status (ever vs never). Log-likelihood ratio tests were used to estimate P interaction. All P values were two-sided with values less than .05 considered statistically significant. SAS version 9.4 (Cary, NC) was used to perform all statistical analyses.
Results
We documented 118 incident cases of young-onset CRC over 22 years of follow-up encompassing 1 262 540 person-years. Median follow-up time was 13.9 years, and median age of CRC diagnosis was 45 years (interquartile range 41-47 years). Women reporting more time watching TV were more frequently postmenopausal, smoked a greater number of pack-years, had a higher rate of diabetes mellitus, more frequently used aspirin and NSAIDs, used less multivitamins, were less physically active, and had generally poorer indices of healthy dietary intake (Table 1) . Prolonged sedentary TV viewing time was associated with an increased risk of young-onset CRC, after adjusting for putative CRC risk factors ( Table 2 ). As physical activity may confound the relationship between TV watching and young-onset CRC, we conducted further analyses to adjust for weekly Table 3 , available online). Finally, we evaluated differences in the association between sedentary TV viewing time and CRC prior to age 50 years by several strata. Overweight or obese subjects, those who engages in less physical activity, and those with a prior history of smoking had elevated risks for young-onset CRC compared to their referent counterparts, with BMI and TV screen time demonstrating the strongest statistical interaction (P interaction ¼ .06; Figure 1) . A joint classification analysis of both TV screen time and BMI suggests risk of young-onset CRC is further augmented in the presence of both prolonged screen time and elevated BMI (Supplementary Table 4 , available online).
Our study provided an unprecedented opportunity to investigate young-onset CRC with long-term prospective follow-up of participants ages 25-42 years at enrollment with a median age at CRC diagnosis of just 45 years. We found that increased TV viewing time was statistically significantly associated with risk of young-onset CRC, particularly rectal cancer. This association was independent of other traditional CRC risk factors, although risk appeared greater in subgroups defined by high BMI, less physical activity, and a positive smoking history. Collectively, these findings are among the first to prospectively link specific sedentary behavioral patterns with risk of young-onset CRC.
Evidence on the association between time spent watching TV and conventional CRC has been accumulating, but data on young-onset CRC remains scarce. A recent meta-analysis demonstrated that sedentary TV viewing time was associated with a 54% increased risk of colon cancer, but included just two studies (one case-control [34] and one cohort study [35] ) composed largely of older participants (13) . Prior findings from our group leveraging two cohorts of older adults (Nurses' Health Study and Health Professionals Follow-Up Study; mean age 64-68 years) showed a positive association between sedentary TV viewing time and CRC risk (19) . Notably, this association appeared greater among women younger than age 65 years, supporting our findings in this third, younger, independent cohort.
Although our subgroup analysis demonstrated a trend toward elevated risk of conventional CRC with prolonged TV viewing, this was not statistically significant. It is possible that TV watching serves as a better surrogate for a more sedentary lifestyle among younger populations, as they are more likely to be employed full-time with excess TV consuming a comparatively larger proportion of waking, nonworking hours, compared to those older and retired. Moreover, our results also suggest the risk of young-onset CRC attributable to sedentary TV viewing may not be fully mediated through obesity and is independent of physical activity, as a possible confounder.
To improve detection of young-onset CRC, the American Cancer Society recently recommended that routine screening begins at age 45 years, rather than 50 years (10). However, adherence to prior, less strict guidelines is just 62% (36) . This low uptake suggests cases in young people will continue to be identified late in real-world settings, particularly among those less than age 45 years who would not benefit from this change. Taken together, targeted identification of those most at risk is critically important to help mitigate this rising burden. Our findings indicate that reducing sedentary behaviors, particularly TV watching, may be an effective, low-risk, and actionable risk reduction measure.
Notably, rectal cancer in young people is rising faster than colon cancer, particularly in the United States (6) . By 2030, each will increase by 124% and 90%, respectively, among individuals ages 20-34 years, and 46% and 28% among those ages 35-49 years (2,4). Prevention of rectal cancer remains challenging, because the majority of risk factors for conventional CRC have been more strongly associated with colon, rather than rectal cancer (37) . Although our finding of disproportionately elevated risk of rectal cancer requires validation, it may help partially explain this phenomenon.
TV viewing, even among comparable behaviors, has been consistently linked to adverse health outcomes (15) (16) (17) (18) 38, 39) , including CRC (13, 19) and precursor adenomas (19, 20) . Several biological mechanisms support our observations. Sedentary TV viewing may be particularly deleterious given the absence of social or occupational cues to unbroken sitting, resulting in extended exposure to fecal carcinogens, such as secondary bile Table 2 with the exception of each strata-defining covariate. †Calculated using the median of each sedentary behavior category as a continuous variable. ‡Calculated using log likelihood ratio test.
acids (40, 41) . Prolonged sitting has also been shown to impair glucose homeostasis and decrease vitamin D levels (42) (43) (44) (45) . In contrast, standing and other light activities can improve blood flow and muscle contraction and result in improved glucose regulation and endothelial function (46, 47) . Sedentary behaviors have been linked to gut dysbiosis (48, 49) , a recognized determinant in CRC incidence and outcomes (50) (51) (52) . Increased TV viewing may result in lower energy use, higher caloric intake, and less healthy diets, for which all are CRC risk factors. However, in our study, the association remained after adjusting for each. Finally, the trend toward stronger associations among people who were obese or overweight, less physically active, and had a prior smoking history suggest that individuals with prolonged sitting may have other factors that enhance the detrimental effects of being sedentary. The strengths of this study include the use of a large prospective cohort with more than 20 years of follow-up, which was necessary because although young-onset CRC is increasing, it is still relatively rare. Information on sedentary TV viewing time was regularly updated prospectively and uncoupled from other comparable activities including TV with nonsedentary behavior (eg, during exercise or while performing chores), as well as occupational time spent sitting. This careful assessment limits recall and ascertainment bias. Quantification of sedentary behavior was conducted at least one biennial cycle prior to assessment of CRC status, making reverse causation less likely. We collected detailed information on a variety of known risk factors for traditional CRC, and their inclusion in our multivariable models did not materially alter our estimated effects, lending credence to our findings.
We acknowledge several limitations. Time using a computer or other devices, including tablets and smartphones, was not assessed. However, these habits, and the use of handheld devices in particular, were not as common during the majority of our study period . Additionally, the use of such devices typically occurs in settings distinct from those associated with watching TV, which often occurs at home. Limited evidence suggests that when compared, TV viewing, but not computer use, is more closely associated with chronic disease risk (53) (54) (55) . The reasons for this may be because of a decrease in energy expenditure from TV watching compared to other media like video games (54, 56, 57) coupled with an increase in energy intake associated with staying home and a susceptibility to TV programming cues for unhealthy eating (15, 58) . It is possible that the lack of association between other sedentary behaviors could be due not to physiologic differences, but rather to measurement error of habits harder to quantify by recall (ie, when compared to TV broadcasts with predetermined start and end times). However, others have demonstrated the reliability and validity of TV time in comparison to other sedentary behaviors (59, 60) . Additionally, such bias was minimized by use of the cumulative average and would have resulted in attenuation toward the null from random misclassification. Our study was comprised mainly of white female nurses, an accurate reflection of the profession's demographics at cohort conception, and a racial group disproportionately burdened by young-onset CRC (3, 21) . While validation in other ethnic populations and among men would be important, these characteristics serve to increase internal validity given the participants high rate of follow-up and ability to provide self-reported health data. As with any observational study, there remains the possibility of unmeasured confounding. Finally, some subgroup analyses were characterized by low case numbers, necessitating cautious interpretation.
In closing, we found that increased sedentary TV viewing time was associated with elevated risk of young-onset CRC. These findings provide further evidence on the importance of maintaining an active lifestyle. Minimizing inactivity may offer protection against young-onset CRC beyond any risk reduction gained from the prevention of other major chronic diseases. Further studies are needed both to elucidate the underlying biological mechanism that may explain this phenomenon and to determine whether a more intensive screening program for sedentary persons at-risk may be of benefit. 
